Flowering is a key event in plant life cycle. Hence, the ability to adjust the timing 45 of flowering under different environmental conditions is crucial for successful 46 reproduction in plants [1] . The transition from vegetative growth to flowering is 47 determined not only by environmental cues but also by endogenous signals, which 48 interact when the time of the year and/or the growth conditions are favorable for sexual 49 reproduction and seed maturation [2, 3] . Genetic studies in Arabidopsis have suggested 50 that flowering time is controlled by four major, interdependent genetic pathways: 51 photoperiod, vernalization, autonomous, and gibberellin (GA) pathways [3] [4] [5] . 52
Photoperiod promotes flowering by integrating inputs through the circadian clock 53 and light receptors, and represents the major environmental signal regulating flowering 54 [6, 7] . Under long-day (LD) conditions, genes that act in the photoperiod pathway play a 55 major role in controlling flowering. In some plant species, vernalization, a prolonged 56 exposure to low temperature, is required for floral induction [8] . In Arabidopsis, the 57 major effect of vernalization is the down-regulation of the expression of the flowering 58
repressor FLOWERING LOCUS C (FLC) [9] . Flowering is also promoted by the 59 autonomous pathway, which involves genes encoding components of RNA processing or 60 histone modification complexes [4] . The GA-signaling pathway requires genes for GA 61 biosynthesis, such as gibberellin requiring1 (GA1), and genes involved in GA-signaling, 62 such as gibberellic acid insensitive (GAI) to promote flowering [10, 11] . 63
GAs are a class of phytohormones, which plays a pivotal role in controlling 64 M A N U S C R I P T
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Arabidopsis and barley [21, 22] , and alleviates salt stress in barley and rice by increasing 75 the activity of detoxifying enzymes and the content of photosynthetic pigments in 76 colonized plants [16, 23] . Recently, P indica has been shown to promote inflorescence 77 development leading to early flowering in the medicinal plant Coleus forskohill [18] . 78 However, the mechanism by which P. indica influences flowering time is unknown. 79
In this study, we examined the impact of P. indica colonization on flowering in 80 Arabidopsis and investigated the role of GA in this process. Our data show that P. indica 81 colonization leads to early flowering in Arabidopsis, likely due to an enhancement of the 82 endogenous GA production. 83 84 2. Materials and methods 85 86
Plant material and growth conditions 87
Arabidopsis thaliana Columbia ecotype (Col-0) was used for the flowering 88 experiment in soil and Landsberg erecta (Ler) ecotype was used for ga5 and ft-1 mutants 89 flowering experiment. ga5 (ga20ox1) and ft-1 mutants were obtained from European 90 Arabidopsis Stock Centre (http://www.arabidopsis.info). Seeds on agar plates were cold-91 treated at 4 °C for 3 days in the dark and then transferred to growth chamber at 22 °C 92 with a 16-h-light and 8-h-dark photoperiod (long day condition). After 7 days, seedlings 93 were transferred to soil and co-cultivated with P. indica [24] . 94 95 2.2. P. indica growth condition and co-cultivation with Arabidopsis 96 P. indica was propagated on KM medium at 28 °C in the dark for 2 weeks [25] . 97
For liquid culture, 1000 ml Erlenmeyer flasks were filled with 250 ml liquid KM medium 98 and supplied by 5 fungal plugs and incubated for 10 days at 28 °C at 150 rpm on a rotary 99 shaker. For soil experiment, P. indica was cultured in KM liquid medium for 10 days as 100 described by Johnson et al. (2011) [24] . Seven-day-old Arabidopsis seedlings were M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 days old germinated seedlings were placed on modified PNM medium. Two weeks old P. 105 indica plugs were placed 1-1.5 cm away from each seedling root [24] . The 2 -∆Ct methods were used to calculate the relative gene expression [27] . qRT-PCR 123 primers are listed in Table S1 . 124 125
Quantification of plant hormones 126
Aliquots (about 500 mg fresh weight) of frozen material were extracted with 80% 127 methanol, 1% acetic acid, and the extracts were passed consecutively through and had significantly fewer rosette and cauline leaves than non-colonized plants ( Fig. 1B  156 and C). The number of the inflorescence and length of the main shoot were also higher in 157 the colonized plants than the non-colonized plants ( Fig. 1A ). To visualize fungal 158 structures in plant root, segments of 7 day-old colonized Arabidopsis roots were stained 159 with WGA-AF 488 and florescence image was recorded with confocal microscope. 160
Florescent images showed spread of hyphae in the roots of colonized plants 161
( Supplementary Fig. 1A ). Meanwhile, we analyzed the development of fungal To determine whether P. indica promotes early flowering by triggering abiotic 182 stress response, we checked the expression levels of three stress responsive genes, WRKY 183 family transcription factor 22 (WRKY22), Ethylene response factor 1 (ERF1) and 184 Salicylic acid induction deficient 2 (SID2) at 5 and 7 days after inoculation 185 ( Supplementary Fig. S2 ). Compared to the control plants, P. indica colonization 186 significantly induced the expression of these genes 5 days after inoculation. However, 187 two days later, transcript levels of these genes in colonized plants were similar to those in 188 the control. These results suggest that the early flowering phenotype in colonized 189
Arabidopsis was not just the result of stress response. colonized and non-colonized plants in the expression of these genes at 10 DAI ( Fig. 2E -198 H). However, at 18 DAI, there was a four-fold decrease of GA2ox expression whereas the 199 expression of GA20ox2, GA3ox1 and GA1 increased in colonized plants compared to 200 non-colonized plants ( Fig. 2E -H) . These results suggest that GA biosynthesis is 201 promoted by P. indica colonization and that P. indica is a positive regulator of GA20ox2, 202
GA3ox1 and GA1 expression, but a negative regulator of GA2ox expression. In general, 203 these results along with the expression of flowering regulatory genes suggest that P. To check whether changes in the expression levels of GA biosynthetic genes are 209 mirrored by an increase in the level of this hormone, we measured the content of GA 4 210 HPLC/MS. The results showed that GA 4 content significantly increased in P indica 211 colonized plants compared to non-colonized control (Fig. 3A) , which is consistent with 212 the expression pattern of the GA biosynthetic genes. 213
To further explore the role of GAs in P. indica induced early flowering, we 214 measured the transcript levels of flowering regulatory and GA biosynthetic genes in ga5 215 (ga20ox1) mutant. GA20ox1 is a key GA biosynthetic gene, and deficiency of GA20ox1 216 results in obvious decrease of GA content [28] . As shown in Fig. 4 , transcript levels of 217 the flowering-regulatory FT, LFY, AP1, and the GAs biosynthetic genes GA20ox2, 218
GA20ox1, GA3 were less induced in ga5 mutant upon colonization, compared to wild 219 type ( Fig. 4) . Consistently, the content of GA 4 in ga5 mutant was also less increased 220 compared to wild type after P. indica colonization (Fig. 3B) . These results suggest P. To confirm the role of GAs in the P. indica-dependent early flowering, we tested 247 the GA biosynthetic mutant ga5 (ga20ox1). Here, we observed less pronounced effects 248 of P. indica colonization on the transcript levels of GA20ox2, GA20ox1 and GA3 and FT, 249 LFY and AP1, in ga5 mutant compared with the corresponding wild-type (Ler ecotype) 250 (Fig 4) . 
